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TITLE OF THE INVENTION 
PHOTOMASK MANUFACTURING METHOD, PHOTOMASK MANUFACTURED 
BY SAID MANUFACTURING METHOD, AND SEMICONDUCTOR DEVICE 
METHOD USING SAID PHOTOMASK 
5 CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2001-095971, filed March 29, 2001, the 
entire contents of which are incorporated herein by 
10 reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of 
manufacturing a photomask for correcting the design 

15 data of the layout pattern of a photomask for 

transferring a predetermined optical image pattern onto 
a substrate, a photomask manufactured by using the 
layout pattern corrected by the correcting method, and 
a method for manufacturing a semiconductor device using 

20 the photomask thus manufactured. 

2. Description of the Related Art 

With progress in the miniaturization of the 
circuit pattern of a semiconductor device, the 
miniaturization also proceeds in the pattern size of 
25 the photomask providing the original plate of the 

circuit pattern. In this connection, the demands for 
accuracy are becoming strict and strict. In recent 
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years, various corrections such as the OPC (Optical 
Proximity Correction) have come to be applied to the 
design pattern in the device process in order to 
achieve an accuracy of several nanometers. Naturally, 
5 the accuracy of the photomask is a very important 

factor in the device process. 

In the manufacturing process for a semiconductor 
device or a photomask, it is generally known to the art 
that the process size is changed depending on the 
10 pattern aperture rate or the pattern density by the 

micro loading effect in the step of the developing 
process or the dry etching process. In general, the 
size of the pattern on the photomask is several times 
as large as the size of the image transferred onto the 
15 wafer, with the result that the pattern aperture rate 

of the photomask greatly differs depending on the 
layer, which to increases the variations in size 
generated by the difference in the aperture rate. 
It should also be noted that, in devices having a large 
20 variation in density, such as a memory-mixed logic 

device, the difference in density of the patterns among 
the different regions on the photomask is increased by 
the diversification of the devices. As a result, 
the change in size caused by the micro loading effect 
25 has obstructed the improvements in the dimensional 

accuracy and positional accuracy corresponding to 
the demands for the miniaturization. 
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The conventional method for manufacturing 
a photomask for controlling the change in size caused 
by the pattern aperture rate and the pattern density 
will now be described. 
5 The layout data for photomask writing system is 

basically equal to the initial design data, and the 
pattern size drawn by photomask writing system is 
equal to the desired pattern size. It should be 
noted, however, that, where the finish size is shifted 

10 from the design data because of, for example, the 

decrease in the shot connection in EB (electron beam) 
exposure system using VSB (variable shaped beam) method 
and the improvements in the pattern image quality and 
the dimensional accuracy, a predetermined photomask 

15 data bias (resize) is given to the layout data for 

photomask writing system relative to the design data. 
In any case, photomask data bias is uniform relative to 
a certain process regardless of the pattern aperture 
rate. 

20 However, since there is a large difference in the 

etching area between, for example, a pattern involving 
a contact hole and a pattern for a wiring such as 
a gate electrode, the etching rates for these patterns 
differ from each other, which gives rise to 

25 a difference in the pattern shape and to a difference 

of scores of nanometers in the final size. 
For overcoming this difficulty, it was customary in 



the past to roughly classify the patterns mainly into 
contact holes group and a wiring group and to prepare 
a photomask by controlling the process conditions such 
as the dose, the developing time and the etching time 
according to on the kind of pattern, so as to control 
the process size. 

If the finish size, the positional accuracy and 
the XY difference of the processed photomask fail to 
satisfy the standards, the photomask is discarded as 
a defective photomask, and a new photomask is remade 
again by controlling and changing the process 
conditions. In this fashion, similar steps are 
repeated until a photomask satisfying the desired 
standards is obtained. 

However, even in the same wiring group pattern, 
the aperture rate differs if the patterns differ 
from each other in the line width and the chip area. 
Also, if the difference in the pattern density differs, 
a change in the process size also takes place 
similarly. In some cases, the difference in size 
between the patterns is increased to reach scores of 
nanometers. The change in the process size also 
affects the positional accuracy and the accuracy in 
the XY difference. It is difficult to control such 
a large difference in size by adjusting the process 
conditions alone, and it is necessary to repeat 
the preparation many times by adjusting the process 
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conditions. Depending on the process conditions, 
the process margin was lowered, which brought about 
drawbacks such as an increase in defects. 

Particularly, when it comes to a pattern having 
5 a large difference in density such as a logic device, 

a change in the size is large so as to makes it 
difficult to control the process conditions. In this 
case, the first lot for the new pattern is rendered 
defective in many cases, which gives rise to the 

10 problem that the yield is lowered. 

BRIEF SUMMARY OF THE INVENTION 
According to a first aspect of the present 
invention, there is provided a method of manufacturing 
a photomask for correcting a layout pattern of a 

15 photomask in which are arranged a light transmitting 

pattern portion and a light shielding pattern portion 
for forming an optical image pattern on the surface of 
a substrate, comprising calculating a pattern area 
ratio, which is a ratio of the light transmitting 

20 pattern portion or the light shielding pattern portion 

to an area of the photomask from the design data of -a 
given layout pattern of the photomask, and a pattern 
density, which is a ratio of. the light transmitting 
pattern portion or light shielding pattern portion 

25 within the region to the area of the region extracted 

from the given layout pattern; estimating from the 
calculated pattern area ratio and the pattern density 
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the size of a pattern, positional accuracy or the XY 
difference, covering the case where the pattern is 
formed on the photomask by using the design data of the 
given layout pattern; and imparting the amount of 
5 correction to the design data of the given layout 

pattern based on the estimated pattern size, positional 
accuracy or the XY difference. 

According to a second aspect of the present 
invention, there is provided a method of manufacturing 

10 a photomask for correcting the layout pattern of a 

photomask in which a light transmitting pattern portion 
and a light shielding pattern portion are formed for 
forming a predetermined optical image pattern on the 
surface of a substrate, comprising, calculating a 

15 pattern area ratio, which is a ratio of the area of the 

light transmitting pattern portion. or the light 
shielding pattern portion to the area of a photomask, 
and a pattern density, which is a ratio of the area of 
the light transmitting pattern portion or the light 

20 shielding pattern portion within the region to the area 

of the region extracted from the given layout pattern 
based on given design data of the layout pattern of the 
photomask; estimating the positional accuracy of the 
formed pattern from the calculated pattern area ratio 

25 and the pattern density, covering the case where a 

pattern is formed in the photomask by using given 
design data of the layout pattern; and imparting 
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a correction amount to the given layout pattern based 
on the estimated positional accuracy. 

Further, according to a third aspect of the 
present invention, there is provided a method of 
5 manufacturing a photomask for correcting the layout 

pattern of the photomask in which a light transmitting 
pattern portion and a light shielding pattern portion 
are arranged for forming a predetermined optical image 
pattern on the surface of a substrate, comprising 

10 calculating a pattern area ratio, which is a ratio of 

the area of the light transmitting pattern portion or 
the light shielding pattern portion to the area of the 
photomask, from the design data of a given layout 
pattern of the photomask, and a pattern density, which 

15 is a ratio of the area of the light transmitting 

pattern portion or the light shielding pattern 
portion within the region to the area of the region 
extracted from the given layout pattern; estimating 
the XY difference of the formed pattern from 

20 the calculated pattern area ratio and the pattern 

density, covering the case where a pattern is formed on 
the photomask by using the design data of the imparted 
layout pattern; and imparting a correction amount to 
the imparted layout pattern based on the estimated XY 

25 difference. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG. 1 is a block diagram schematically showing 
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the construction of an apparatus for converting the 
photomask layout pattern data according to a first 
embodiment of the present invention; 

FIG. 2 is a flow chart showing how to derive 
5 a function according to the first embodiment of 

the present invention; 

FIG. 3A is a plan view schematically showing 
the entire construction of a photomask for evaluation; 

FIG. 3B is a plan view schematically showing 
10 the construction of a chip region formed in 

the photomask shown in FIG. 3A; 

FIG. 3C is a plan view schematically showing 
a pattern for measuring the size formed in the chip 
region shown in FIG. 3B; 
15 FIG. 3D is a plan view schematically showing 

a pattern for measuring the size formed in the chip 
region shown in FIG. 3B; 

FIG. 4 is a graph showing the relationship among 
the pattern area ratio C, the pattern density D and 
20 the finish size W(CD value); 

FIG. 5 is a graph showing the relationship among 
the pattern area ratio C, the pattern density D and 
the finish size W(CD value);; 

FIG. 6 is a flow chart showing the method of 
25 correcting the photomask layout pattern according to 

a first embodiment of the present invention; 

FIG. 7 is a graph showing the relationship among 
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the pattern area ratio C, the pattern density D and the 
positional accuracy L; 

FIG. 8 is a graph of a function h (c, d) showing 
the relationship among the pattern area ratio C, 
5 the pattern density D and the XY difference S of 

the positional accuracy L; 

FIG. 9 is a flow chart showing the method of 
correcting the photomask layout pattern according to 
a second embodiment of the present invention; and 
10 FIG. 10 is a flow chart showing the method of 

correcting the photomask layout pattern according to 
a third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
The embodiments of the present invention will now 
15 be described with reference to the accompanying 

drawings . 

[First Embodiment] 

The first embodiment is directed to a method of 
manufacturing a photomask pattern for a memory device 

20 represented by DRAM, in which the pattern density is 

almost uniform. 

FIG. 1 is a block diagram schematically showing 
the construction of an apparatus for converting 
the photomask layout pattern. In FIG. 1, a reference 

25 numeral 101 denotes photomask layout data that is to be 

corrected, a reference numeral 102 denotes a data bias 
conversion parameter calculating section for 
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calculating the parameter required for the conversion 
from the photomask layout data 101 into new data, 
a reference numeral 102a denotes a pattern area ratio 
calculating section, a reference numeral 102b denotes 
5 a pattern density calculating section, and a reference 

numeral 103 denotes a layout data conversion section 
for correcting the photomask layout data 101 by using 
the parameter calculated in the data bias conversion 
parameter calculating section 102 and a correlation 104 

10 referred to herein later and outputting converted 

photomask layout data 105. 

Incidentally, it is possible to utilize hardware 
for realizing each of the functions described herein 
later of the data bias conversion parameter calculating 

15 section 102 and the layout data conversion section. 103, 

It is also possible to describe each function by 
a program and to execute the program by using 
a computer. 

The method of deriving the correlation 104 

20 required for the change of the photomask layout data 

will now be described with reference to FIG. 2, which 
is a flow chart showing how to derive the function 
relating to the first embodiment of the present 
invention. 

25 The correlation 104 to be derived is a function 

giving an amount of data bias r = F(C, D) , which is 
given to the photomask layout data, relative to 
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the photomask pattern area ratio C and the pattern 
density D. 

Incidentally, the finish size (CD value) W 
represents the difference between the pattern size on 
5 the photomask formed and processed on the basis of the 

layout data and the design size on the layout data. 
The photomask pattern area ratio C represents the ratio 
of the area of the light transmitting pattern portion 
(light shielding pattern portion) in the photomask to 

10 the area Am of the photomask. Further, the pattern 

density D represents the ratio of the area of the light 
transmitting pattern portion (light shielding pattern 
portion) to the area of the region extracted from the 
photomask. 

15 (Step S101) 

In the first step, manufactured are a plurality of 
photomasks for evaluation differing from each other in 
the pattern area ratio C, each having a plurality of 
pattern densities D, and having the same pattern 

20 arranged on each photomask. FIGS. 3A, 3B, 3C and 3D 

schematically show the construction of the photomask 
for evaluation. FIG. 3A is a plan view schematically 
showing the entire construction of the photomask for 
evaluation. FIG. 3B is a plan view schematically 

25 showing the chip region formed in the photomask shown 

in FIG. 3A. Further, FIGS. 3C and 3D are plan views 
each schematically showing the pattern for measuring 
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the size, said pattern being formed in the chip region 
shown in FIG. 3B. 

As shown in FIG, 3A, a plurality of chip regions 
202 are arranged in a photomask 201 for evaluation. 
5 As shown in FIG. 3B, a size measuring pattern region 
204 having a size measuring pattern formed therein is 
arranged in the central portion of each chip region 
202, and an aperture rate change region 203 having 
a different aperture rate for each photomask is formed 

10 around the size measuring pattern region 204. 

The size measuring pattern formed in the size 
measuring pattern region 204 is common with each chip 
forming region and each photomask 201 for evaluation. 
As shown in FIGS. 3C and 3D, size measuring patterns 

15 205 are formed of patterns differing from each other in 

the pattern density depending on the regions. 
For example, a pattern density D of the wiring patterns 
is changed as shown in FIG. 3C. Alternatively, 
the pattern density of the holes is changed, as shown 

20 in FIG. 3D. The pattern density relative to regions P n 

(n representing the number of the extracted region) 
in which the pattern density is changed is represented 
by D n . 

In the aperture rate change region 203, the area 
25 of the light shielding film is changed for every 

photomask for evaluation. The planar pattern area 
ratio of each photomask can be changed by changing 
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the aperture ratio of the aperture ratio change region. 
(Step S102) 

In the next step, the size measuring pattern 
formed in each photomask 201 for evaluation is 
5 measured, and the finish size (CD value) W, which is 

the shift amount relative to the design size value, is 
obtained from the measured value. It should be noted 
that the pattern size is measured in respect of the 
patterns of the regions differing from each other in 
10 pattern density. 

(Step S103) 

As a result of the measurement, obtained is the 
correlation between the pattern area ratio C, the 
pattern density D, and the finish size W as shown in 

15 FIGS. 4 and 5. The correlation thus obtained is 

represented by a function f (C, D) . It should be noted 
that FIGS. 4 and 5 show the correlation obtained where 
the processing was performed under different 
conditions. Where a plurality of process conditions 

20 are employed as in this case, a photomask for 

evaluation is manufactured for each process condition 
so as to obtain each correlation function f . 
(Step S104) 

In the next step, a function r = F(C, D) giving 
25 a change amount r to the photomask layout data is 

obtained from the correlation function f (C, D) obtained 
in step S103. The finish size W, which represents 
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the shift amount from the design size value, is used as 
the photomask data bias. In this embodiment, the 
photomask data bias r, which is equal to f (C, D)/2, is 
defined as the shift amount for the edge portion on one 
5 side. Incidentally, the photomask data bias r, which 

is due to the definition in synthesizing the pattern 
data, need not be 1/2. 

Patterns of various densities are arranged in the 
region 204 in the layout pattern shown in FIG. 3. 

10 Therefore, in the case where the process conditions are 

made common by using the particular photomask, it is 
possible to obtain the function f common with the 
layout pattern having a difference in density such as 
the logic device and the memory-mixed device in 

15 addition to the memory device. 

The operation of the photomask layout data 
conversion system for converting a given layout on the 
basis of the data bias r = f(C, D) obtained previously 
so as to prepare a photomask data will now be described 

20 with reference to FIG. 6. 

In the first step, the pattern area ratio Cm in 
the photomask plane in respect of the layout data 101 
of the product photomask and the pattern density Dn 
within a specified region Pn, which has been extracted, 

25 are calculated in the data bias conversion parameter 

calculating section 102. 

The measurement of the pattern area ratio C by 
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the pattern area ratio calculating section 102a will 
now be described first. 
(Step S201) 

In the first step, the ratio of the open portion 
to the layout is calculated from the layout data 101, 
and ratio thus obtained is used as the layout pattern 
area ratio Cw. 

(Step S202) 

Then, the layout pattern area ratio Cw is 
converted into a pattern area ratio Ca on the photomask 
substrate on the basis of the chip area Aw and the 
photomask substrate area Am. It should be noted that 
the pattern area ratio Ca can be calculated from 
the layout pattern area ratio Cw, the chip area Aw and 
the photomask substrate area Am, as given below: 

Ca = Cw X Aw/Am 

(Step S203) 

In the next step, the pattern area ratio Cm on 
the photomask is obtained by adding the area ratio Cb 
of the various peripheral marks arranged on the 
photomask to the pattern area ratio Ca. 

By the steps described above, it is possible for 
the pattern area ratio calculating section 102a to 
obtain the pattern area ratio Cm. 

The measurement of the pattern density D performed 
by the pattern density calculating section 102b will 
now be described. 
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(Step S211) 

In the first step, a region including a pattern 
requiring the highest dimensional accuracy among the 
layout is extracted as a specified region P n . The size 
5 of the specified region P n is optional. However, it is 

necessary for the specified region P n to be 
sufficiently smaller than the chip area A w , (P n « A w ) . 

Since this embodiment is directed to a memory 
device having a uniform pattern density, the memory 
10 cell portion is extracted as the specified region. 

It should be noted that the number of extracted regions 
is 1, i.e., n = 1, and Pi = memory cell portion. The 
size of the extracted region is set at a level not 
larger than one memory cell unit. 
15 (Step S212) 

Then, the pattern density Dj in the specified 
region ?i (aperture rate within P]^) is calculated. 

By the steps described above, it is possible for 
the pattern density calculating section 102b to obtain 
20 the pattern density . 

Incidentally, it is possible for the pattern area 
ratio calculating section 102a to carry out the 
calculation of the pattern area ratio and for the 
pattern density calculating section 102b to carry out 
25 the calculation of the pattern density simultaneously 

or successively. Also, it is possible for any of 
the calculation of the pattern area ratio and 
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the calculation of the pattern density to be carried 
out first. 

The operation of the layout data conversion 
section 103 will now be described. 
5 (Step S221) 

In the first step, the photomask data bias r is 
obtained by substituting the pattern area ratio C m and 
the pattern density of the photomask obtained 
previously in the correlation 104 giving the photomask 
10 data bias r. Incidentally, the photomask data bias r 

is obtained as: r = f(C m , Di)/2. 
(Step S222) 

The photomask data bias r (= (C m , Di)/2) is given 
to the photomask layout data 101 by using the photomask 
15 data bias r thus obtained so as to output a converted 

photomask layout data 105. A new photomask layout data 
is formed by the steps described above. 

Then, a photomask is prepared on the basis of the 
converted photomask layout data 105. It is possible 
20 for the photomask thus prepared to obtain a desired 

finish size. 

Since the size of the data is corrected in advance 
in the photomask prepared by the method described 
above, it is unnecessary to adjust the dosage in the 
25 exposure step and the process conditions for every 

pattern so as to make it possible to ensure a process 
margin, to perform the treatment with a stable process, 



and to be low in fluctuation of the yield. 

It should also be noted that, since it is 
unnecessary to determine simultaneously the individual 
conditions for many kinds of patterns, the number of 
process conditions is decreased so as to facilitate the 
process control. Also, it is possible to apply the 
same process conditions without sacrificing the process 
margin. As a result, it is possible to obtain a high 
yield with a high stability in the manufacture of the 
photomask. 

Further, in the first embodiment of the present 
invention, used was a function of the finish size with 
the pattern area ratio and the pattern density used as 
parameters. However, it is also possible to obtain 
a desired position accuracy or a desired XY difference 
accuracy by the method equal to that for the size 
described above by using a function of the positional 
accuracy L, (L = g (c, d) ) , with the pattern area 
ratio and the pattern density used as parameters, as 
shown in FIG. 7, or a function of the XY difference S 
(S = h (c, d) ) , with the pattern area ratio and 
the pattern density used as parameters, as shown in 
FIG. 8. 

(Second Embodiment) 

The second embodiment of the present invention is 
directed to a method of manufacturing a photomask 
pattern for kinds of memory-mixed logic device which 
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have a plurality of unit devices differing from each 
other, in pattern density . 

FIG, 9 is a flow chart showing the conversion 
method of a photomask layout data according to the 
5 second embodiment of the present invention. 

The correlation function f in the second 
embodiment is derived as in the first embodiment 
described previously with reference to FIG. 2 and, 
thus, the description is omitted with respect to the 
10 steps of deriving the correlation function f in the 

second embodiment. Also, the steps S201 to S203 for 
calculating the pattern area ratio Cm shown in FIG. 9 
are equal to those for the first embodiment and, thus, 
the description of these steps S201 to S203 is omitted 
15 (Step S311) 

In the pattern density calculating section 102b, 
the photomask layout data 101 is divided into blocks 
for unit devices so as to obtain specified regions ?i 
to P n . 

20 (Step S312) 

Then, the pattern densities to D n for the 
specified regions to P n are calculated. 
(Step 321) 

In the next step, the pattern densities to D n 
25 and the pattern area ratio Cm are substituted in the 

correlation 104 in the pattern data change section so 
as to obta in photomask data bias r^ to r^ in 
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the specified regions ?i to P n . 

Incidentally, the photomask data bias to r n in 
the specified regions to P n are as follows: 

r 1 = f (Cm, Dx)/2, 

r 2 = f (Cm, D 2 )/2, 



r n = f (Cm, D n )/2 
(Step S322) 

Then, the corresponding unit device unit P^ (i = 1 
to n) is inputted to the photomask data bias ri to r n 
so as to synthesize again pattern data, and a photomask 
is prepared by using the data after the synthesis. It 
follows that it is possible to obtain a desired finish 
size on a photomask in respect of a memory-mixed logic 
15 device in which a plurality of unit devices differing 

from each other in the pattern density are laid out in 
a plane. 

Incidentally, it is possible to apply the method 
according to the second embodiment of the present 

2 0 invention to not only a mixed logic device but also to 

a photomask pattern, which has a similar layout pattern 
and which can be divided into blocks depending on the 
pattern density. 

It should be noted that, since the size of the 

25 data is corrected in advance in the photomask prepared 

by the method described above, it is unnecessary to 
adjust the dose in the light exposure step and 
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the process conditions for every pattern so as to make 
it possible to ensure a process margin, to perform the 
treatment with a stable process , and to be low in 
fluctuation of the yield. 
5 Further, it is possible to obtain a desired 

positional accuracy or a desired XY difference accuracy 
with a high yield by applying the method of the second 
embodiment to the correction of the positional accuracy 
or the XY difference accuracy as in the first 
10 embodiment of the present, invention described 

previously. 

(Third Embodiment) 

The third embodiment of the present invention is 
directed to a method of preparing a photomask pattern 

15 for a logic device in which the pattern density in a 

plane is not uniform and the layout pattern cannot be 
divided easily. 

FIG. 10 is a flow chart showing the change method 
of a photomask layout data according to the third 

20 embodiment of the present invention. 

The correlation function f in the third embodiment 
is derived as in the first embodiment described 
previously with reference to FIG. 2 and, thus, the 
description is omitted with respect to the steps of 

25 deriving the correlation function f in the third 

embodiment. Also, the steps S201 to S203 for 
calculating the pattern area ratio Cm. shown in FIG. 10 
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are equal to those for the first embodiment and, thus, 
the description of these steps S201 to S203 is omitted. 

In calculating the pattern density D n of the 
specified region, a pattern requiring the highest .... 
dimensional accuracy within the photomask is extracted 
in respect of the layout pattern, and the region within 
100 /zm from the extracted pattern constitutes a 
region . Then, the pattern density Dl in the 
region is calculated. 

In the next step, the data bias r^, (r^ = f (Cm, 
Dl)), is obtained by substituting the pattern density 
Dl and the pattern area ratio Cm in the correlation 
function r in the pattern data conversion section. 

The photomask data bias r^ thus obtained is 
inputted so as to synthesize again pattern data, and 
a photomask is prepared by using the data after the 
synthesis. In this fashion, it is possible to obtain 
a desired finish size in respect of the logic device 
pattern in which the pattern density in a photomask 
plane is not uniform. 

Incidentally, in the third embodiment described 
above, a single pattern requiring the highest 
dimensional accuracy within the mask was extracted so 
as to provide the region Pi . Alternatively, it is also 
possible to extract a plurality of patterns within the 
layout and to calculate the pattern density of the 
peripheral region within 100 /im from the extracted 
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pattern. In this case, the average value of the 
pattern densities of the peripheral regions is used as 
the pattern density Dl . Also, the size of the 
peripheral region is set at 100 /im in the third 
embodiment described above. However, the size noted 
above need not be limited to 100 /im. 

Also, the application of the method according to 
the third embodiment of the present invention is not 
limited to a logic device, and the method according to 
the third embodiment of the present invention can be 
applied to various layout patterns. Further, the third 
embodiment of the present invention is advantageous in 
that, since the data bias is unique for each layout 
pattern, the pattern data can be synthesized again 
easily. 

It should also be noted that the method according 
to the third embodiment of the present invention makes 
it possible to obtain a desired positional accuracy or 
a desired XY difference accuracy with a high yield by 
the application of the particular method to the 
correction of the positional accuracy or the XY 
difference accuracy, like the methods according to the 
first and second embodiments described above. 

Incidentally, the present invention is not limited 
to the embodiments described above. In other words, 
the present invention can be worked in variously 
modified fashions within the technical scope of 
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the present invention. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



